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presence  of the  basic s u b u n i t  wi th in  the  in tac t  fruit ,  
which forms the  dia lysable  form of the  enzyme and  
is in fact  one of the  smal les t  na tu ra l  pro teases  so far 
r epor ted  1~. The exac t  mode  of disulphide and non-cova len t  
in te rac t ions  responsible  for po lymer  format ion  in th is  
enzyme,  remains  to  be inves t iga ted .  
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Summary. The isoperoxidase  spec t rums  of 2 single tul ip  cul t ivars  and  the i r  pa r ro t  m u t a n t s  were analyzed by  disc 
e lect rophoresis  in leaves and  tepals  i.e. peta ls  plus sepals excised f rom wi th in  the  bulbs.  I t  was found  t h a t  the  anodal  
isoperoxidase  p a t t e r n  of pa r ro t  m u t a n t  tepals  differs d i s t inc t ly  f rom tepals  of the i r  mo t h e r  cu l t ivars ,bu t  no differences 
were observed  in ca thoda l  isoperoxidases.  Bo th  the  anodal  and  ca thoda l  isoperoxidase spec t ra  of pa r ro t  m u t a n t  leaves 
and leaves of the i r  m o t h e r  cul t ivars  were similar. 

All cul t ivars  of tul ips  are classified into m a n y  groups  and  
publ i shed  as 'The Classified Lis t  and  In te rna t iona l  Reg- 
is ter  of Tulip Names ' .  1 of the  groups  is Pa r ro t  tul ips  
which  are charac te r ized  b y  laciniate  tepals  (sepals and  
peta ls  of Tulipa are indis t inguishable  and  are collectively 
referred  to as tepals) 1. I t  is known  t h a t  mos t  pa r ro t  tu l ip  
cul t ivars  fo rmed as vege ta t ive  m u t a n t s  (sports) f rom 
o the r  cul t ivars  belonging to non-pa r ro t  groups 2. 
The a im of the  p re sen t  work  was to s tudy  isoperoxidase  
pa t t e rn s  of 2 single cul t ivars  and the i r  pa r ro t  m u t a n t s  
(cultivars) since i t  is well k n o w n  t h a t  peroxidases  p lay  an 
i m p o r t a n t  role in cell and  organ differentiat ionS-5.  
Material and methods. For  the  exper imen t s  the  pa r ro t  
cv. F a n t a s y  which  was formed in 1910 as a m u t a n t  of 
cv. Clara B u t t  (both cul t ivars  have  red tepals) and  pa r ro t  
cv. P i t t ' s  Pa r ro t  fo rmed in 1945 f rom cv. Wil l iam P i t t  
(both cul t ivars  have  p ink  tepals)  were t aken  ~. Cv. Clara 
But t ,  Fan ta sy ,  Wil l iam P i t t  are diploids (2 n = 24 chro-  
mosom6s) and  the  n u m b e r  of chromosomes  in cv. P i t t ' s  
Pa r ro t  has  no t  been de t e rmined  to our knowledgeL For  
isoperoxidase  spec t rum analysis  leaves and tepals  were 
excised on N o v e m b e r  11, 1975, f rom wi th in  the  bulbs  
which  had  been  kep t  in a s torage room at  17-20 ~ Pa r ro t  
cul t ivars  had  laciniate  tepa ls  a t  t h a t  t ime.  Leaves  and  
tepals  f rom 15 bulbs  of each  cul t ivar  were frozen and  
lyophyl ized,  g round  and  t h e n  kep t  in a refr igerator  a t  
4~ Soluble pro te ins  were ex t r ac t ed  f rom powder  w i th  
cold 0.1 M Tr is -hydrochlor ide  buffer  a t  p H  7.8, con- 
t a in ing  6 mM ascorbic acid, 6 mM L-cys te ine  hydro-  
chloride and  0.5 M sucrose 8, using 1.5 ml of buffer  for 
0.1 g of d ry  powder  of leaves and  tepals.  Homogena t e s  
were cent r i fuged in a ref r igera ted  centr i fuge for 10 min a t  
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20 ,000•  Disc e lectrophoresis  on polyacry lamide  gel 
was pe r fo rmed  according to  t echn iques  descr ibed by  
Orns te in"  and Davis  10. Elec t roph0res i  s were conduc ted  in 
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Fig. 1. Pictures and zymograms of an0dal isoperoxidases of tepals of 
cv. Clara Butt (left) and its parrot mutant, cv. Fantasy (right). 
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Fig. 2. Pictures and zym0grams of anodal isoperoxidases of tepals of 
ev. William Pitt (left) and its parrot mutant, cv. Pitt's Parrot (right). 
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a basic  buffer  s y s t e m  a t  p H  8.31~ a n d  in an  acid buf fe r  
s y s t e m  a t  p H  4.5 accord ing  to Wi l l i ams  a n d  R e i s f e l d l l ;  
100 F1 of t he  e x t r a c t  were used pe r  po lyac ry l amide  gel. 
I soperox idase  b a n d s  were de t ec t ed  in t he  gel us ing  ben -  
z idine as a h y d r o g e n  donor  in  0.2 M ace t a t e  buffer  p H  5.0. 
All  e x p e r i m e n t s  descr ibed  above  were r e p e a t e d  3 t imes.  
Results and discussion. I t  was  found  t h a t  t he  anoda l  iso- 
pe rox idase  spec t r a  of leaves  of cv. Clara  B u t t  a n d  cv. 
F a n t a s y  are s imilar .  The  same  is t r ue  for leaves  of 
cv. Wi l l i am P i t t  and  cv. P i t t ' s  Pa r ro t .  However ,  t he  p a t -  
t e r n  of anoda l  i soperoxidases  of t epa l s  of cv. Clara  B u t t  
differs d i s t i nc t ly  f rom cv. F a n t a s y  (figure 1) a n d  cv. Wil -  
l i am P i t t  f rom cv. P i t t ' s  P a r r o t  (figure 2). I t  is i n t e r e s t i ng  
t h a t  in  b o t h  p a r r o t  cu l t iva r s  ( F a n t a s y  and  P i t t ' s  Pa r ro t )  
t he  b a n d  des igna ted  in the i r  m o t h e r  cu l t iva r s  (Clara B u t t  
a n d  Wi l l i am Pi t t ,  respect ive ly)  b y  a r rows  (figures 1 a n d  2) 
was  n o t  de tec ted .  Addi t iona l ly ,  a h ighe r  a c t i v i t y  of 
pe rox idase  in t epa l s  of cv. F a n t a s y  t h a n  in the  o rgan  in 
cv. Clara  B u t t  can  genera l ly  be  observed .  The  c a t h o d a l  
e lec t rophore t i c  p a t t e r n  of pe rox idase  in leaves  a n d  tepa l s  

of CV. CV. Clara  B u t t ,  F a n t a s y ,  Wi l l i am P i t t  and  P i t t ' s  
P a r r o t  looks v e r y  similar .  I t  is possible  t h a t  t he  disap-  
pea rance  of t he  pe rox idase  b a n d  in t he  t epa l s  of t he  p a r r o t  
tu l ips  is connec ted  w i t h  t h e i r  f o r m a t i o n  f rom m o t h e r  
n o n - p a r r o t  tul ips.  
I t  was  found  p rev ious ly  b y  B a r b e r  a n d  S teward  IS t h a t  a 
specific e lec t rophore t i c  p a t t e r n  of soluble  p ro te ins  a n d  
some enzymes  exis ts  in  each  o rgan  of tu l ip  such as roots ,  
scales, leaves,  v e g e t a t i v e  ax i l l a ry  bud ,  tepals ,  an the r s ,  
and  pisti ls.  W e  conc luded  t h a t  these  obse rva t i ons  s u p p o r t  
t he  genera l  v iew t h a t  d i f f e r en t i a t i on  a n d  morphogenes i s  
are a ccompan ied  b y  t he  f o r m a t i o n  of o rgan  specific pro-  
t e ins  and  enzymes .  Our  resu l t s  i nd ica t ed  t h a t  d i f fe ren t ia -  
t ion  of lac in ia te  t epa l s  of p a r r o t  tu l ips  is a ccompan ied  b y  
a specific a n o d a l  i soperoxidase  p a t t e r n  in t he  tepals .  

11 D.E.  Williams and R. A. Reisfeld, Ann. N. Y. Acad. Sci. 121, 
373 (1964). 

12 J .T .  Barber and F. C. Steward, Devl. Biol. 17, 326 (1968). 

Synthetic  identif ication as a hexapeptide of a substance-IB inducing sexual  agglut inat ion 
in S a c c h a r o m y c e s  cerevis iae  

H. Aoyagi  1, N. I z u m i y a  1, A. Sakura i" ,  K. S a k a t a  2 and  S. T a m u r a  2 

Laboratory o/Biochemistry, Faculty o/Science, Kyushu University, Higashi-ku, Fukuoka 812 (Japan), and The Institute 
o/ Physical and Chemical Research, Wako-shi, Saitama-ken 351 (Japan), lO June 1976 

Summary. For  t he  iden t i f i ca t ion  of a p e p t i d y l  p r inc ip le  i nduc ing  sexual  a g g l u t i n a t i o n  in t he  yeast ,  2 supposed hexa -  
pep t ides  (1 a, b) were syn thes ized  b y  t he  c o n v e n t i o n a l  me thod .  The  I a ( H - A r g - G l y - P r o - P h e - P r o - I l e - O H )  revea led  
comple t e  i d e n t i t y  w i t h  t he  n a t u r a l  pep t ide  in TLC, MS and  biological  p r o p e r t y  on  agg lu t ina t ion .  The  I b showed t he  
sexua l  a g g l u t i n a b i l i t y  in t he  same degree as l a ,  t h o u g h  d i s t inc t  d i f ferences  were obse rved  in t he  chemica l  da ta .  B o t h  
I a a n d  1 b h a d  a s t rong  b i t t e r  tas te .  

Recen t ly ,  Sakura i  e t  al. 3 i sola ted a pep t i dy l  f ac to r  
n a m e d  e subs t ance - IB  ( abb r ev i a t ed  as IB) f rom e t y p e  
ceils (H15  s t ra in)  of t he  he t e ro tha l l i c  yeast ,  Saccharo-  
myces  cerevisiae,  as one of t he  ac t ive  pr inc ip les  wh ich  
induce  sexua l  a g g l u t i n a b i l i t y  in  the  oppos i te  a t y p e  cells 
(H22  s t ra in)4.  T h e y  a t t e m p t e d  to d e t e r m i n e  t he  a m i n o  
acid sequence  in t he  pep t ide  b y  mass  s p e c t r o m e t r y  a n d  
p o s t u l a t e d  a t e n t a t i v e  s t r u c t u r e  as H - A r g - G l y - P r o - P h e -  
P r o - I l e - O H  (1 a). In  the  beg inn ing ,  however ,  a n  a l t e r n a t e  
s t ruc tu re ,  H - A r g - P r o - G l y - P h e - P r o - I l e - O H  (I b) for t he  
pep t i de  could n o t  be  exc luded  due  to the  sca rc i ty  of 
samples  to  be used for t he  expe r imen t s .  The  p r e s e n t  
c o m m u n i c a t i o n  r ep o r t s  t h e  syn these s  of l a  a n d  l b  b y  
t he  c o n v e n t i o n a l  m e t h o d  and  t he  i d e n t i t y  of 1 a w i t h  t he  
n a t u r a l  IB. 
Synthesis~.  B o c - P r o - I l e - O B z l  (2) was o b t a i n e d  as a n  oil 
f rom B o c - P r o - O H  and  H - I l e - O B z l  T o s O H  b y  t h e  mixed  
a n h y d r i d e  m e t h o d  6, and  2 was c o n v e r t e d  to oi ly 
H - P r o - I l e - O B z l  HC1 (3) b y  the  ac t ion  of HC1 in A c O E t .  
Oily  B o c - P h e - P r o - I l e - O B z l  (4) was  p r e p a r e d  f rom 
B o c - P h e - O H  a n d  3 b y  t he  mixed  a n h y d r i d e  m e t h o d .  
R e m o v a l  of Boc g roup  of 4 w i t h  HC1 in A c O E t  y ie lded 
oily H - t r i p e p t i d e - O B z l  HC1 (5). Condensa t ion  of B o c -  
G l y - P r o - O H  ~ w i t h  5 gave oi ly  B o c - G l y - P r o - P h e - P r o -  
I l e - O B z l  (Ta), a n d  7 a  was c o n v e r t e d  to  c rys ta l l ine  
H - G l y - P r o - P h e - P r o - I l e - O B z l  HC1 (8a) s. Z_Arg(NO2 )_ 
G l y - P r o - P h e - P r o - I l e - O B z l  (9a) (73%, m p  99-103~ 
[ ~ 0  _58 ~ (DMF)) was o b t a i n e d  f rom Z - A r g ( N O 2 ) - O H  
a n d  8 a b y  t he  mixed  a n h y d r i d e  m e t hod .  The  9 a d issolved 
in a m i x t u r e  of A c O H - M e O H - H 2 0  was h y d r o g e n a t e d  in 

the  presence  of P d  black.  The  f i l t r a te  was  evapora t ed ,  
a n d  t he  res idue  (1 a) was  dissolved in w a t e r  and  lyophi ly-  
zed;  yield of pu re  1 a 2AcOH H20,  9 5 % ;  m p  102-108~ 
[e~0 _88 ~ (H20).  B o c - P r o - G l y - O H  (6) was  ob t a ined  f rom 
B o c - P r o - O S u  9 and  glycine.  C o n d e n s a t i o n  of 6 w i t h  5 b y  
t he  mixed  a n h y d r i d e  m e t h o d  gave  oily B o c - P r o - G l y -  
P h e - P r o - I l e - O B z l  (7b) ,  a n d  7 b  was c o n v e r t e d  to  
H - P r o - G l y - P h e - I l e - O B z l  HC1 (8 b) b y  t he  ac t ion  of HC1 
in AcOEt .  Z - A r g ( N O 2 ) - P r o - G l y - P h e - P r o - I l e - O B z l  (gb)  
p r e p a r e d  f rom Z - A r g ( N O ~ ) - O H  and  8 b  c o n t a i n e d  m i n o r  
by -p roduc t ,  and  tile pu re  9 b  (38%, m p  98-105~ [~]~ 
- 3 4  ~ (DMF)) was o b t a i n e d  b y  silica gel co lumn c h r o m a -  
t o g r a p h y  (solvent ,  CHC13 : M e O H  : A c O H  = 95 : 5 : 1). The  

Thin-layer chromatography of natural and synthetic peptides 

Solvent Carrier R 
IB l a  l b  

n-BuOH-Ac0H-H20 (4:1:5, 
upper phase) Silica gel 0.18 0.18 0.17 
n-BuOH-pyridine-Ac0H-HeO 
(15:10:3:12) Silica gel 0.59 0.59 0.57 
n-BuOH-n-PrOH-0.2N AcOH 
(2:1:3, upper phase) Silica gel 0.11 0.11 0.09 
n-BuOH-n-PrOH-0.2N AcOH 
(2:1:3, upper phase) Cellulose 0.58 0.58 0.63 


